position and stability of SOC have been recognized while transferring natural forest or grassland to agricultural land, and vice versa (Guo and Gifford 2002 , Solomon et al. 2007 , Dhillon et al. 2017 . In Northeast China, rotation was changed to monoculture to meet commodity food demand. This study hypothesizes that long-term continuous monoculture might affect chemical structure of SOC, but it may vary with crop species. The aim was to investigate the structural composition of SOC with long-term continuous soybean and maize cropping in black soil farmland in Northeast China, and to explore the potential changes along soil profiles.
MATERIAL AND METHODS
Field experiment. Long-term rotation and continuous monoculture experiments were located at the State Key Agro-ecological Experiment Station, Hailun County, Heilongjiang province, China (47°26'N, 126°38'E). Three cropping systems, including soybean-maize rotation (SM); continuous soybean (CS) and continuous maize (CM), were established for 27 years. The detail field management was the same as local farming practices shown in Miao et al. (2017) . Maize roots at 0-20 cm layer were taken out at harvest according to local farming practice.
Sampling. Crops were harvested from three 3.0-m 2 quadrats randomly selected at each cropping plot. Crop biomass was made of aboveground plat parts, litters and roots. The litter under crop was collected using nylon nets placed above the ground during growing season. All crop tissues were washed with water and distilled-water for three times and then oven-dried. Crop tissues were weighed and ground for analyses of SOC and total nitrogen (N) using a CHN analyser (HeraeusElementarVario EL, Germany). All tissues samples were stored in a dryer before analysis.
Soil was sampled randomly using a soil auger at 0-100 cm depth profile under plant sampling, with three points at each plot. Soil of every 20-cm depth was taken as one sample. Samples from the three points constituted one mixed sample and were air-dried; visible vegetation and plant residues were further taken out. Soils were sieved to 2 mm mesh and the subsample was ground for determining total SOC and total N using a CHN analyser (HeraeusElementarVario EL, Germany).
At last, soil from field replicates was combined into one composite sample for nuclear magnetic resonance (NMR) measurement.
13 C-NMR analysis. Subsequently, composite soil samples along the profile were taken for the 13 C-NMR analysis. To remove paramagnetic compounds and concentrate organic carbon, soil sample was mixed and treated with 2% (v/v) hydrofluoric acid (HF). A detailed process was the same as reported by Zhang et al. (2015) . Briefly, subsample air-dried composite soil was put into a tube with 40 mL HF. The tube was shaken for 2 h at 25°C, then centrifuged for 10 min at 3000 rpm. Supernatant was poured and the residue was treated with HF for four times. Deionized water was used to remove HF in soil. The final residue was ovendried at 40°C. The running conditions of (CP/ TOSS) and CP/TOSS were the same as reported in Zhang et al. (2015) .
Calculation. Plant carbon input was calculated according to the following equation:
Where: B -biomass; C -carbon contents in the aboveground plant parts, litters and roots of soybean or maize.
Aromaticity, the percentage of aromatic carbons, was calculated based on the method of Mao and Schmidt-Rohr (2004) .
A/O-A, the alkyl-C/O-alkyl-C ratio, was calculated as (0-44 ppm)/(64-93 ppm).
Statistical analyses. Statistical analyses on replicates of each cropping system were carried out with the IBM SPSS Statistics 22.0 (Armonk, USA). The SOC, total N and plant-C input were analysed by two-way analysis of variance (ANOVA) to elevate the effect of the cropping system and profile depth. All tests were performed at P < 0.05.
RESULTS

SOC, TN and plant-C input.
After 27-year cropping, the SOC content decreased sharply along soil profile (Figure 1 ). Lower SOC was observed in long-term monoculture compared to rotation system at 0-60 cm depth. For 0-20 cm depth, the SOC in continuous maize and soybean was lower by 10.1% and 2.7% compared to rotation system, respectively (Figure 1 ).
Total N also decreased with soil depths (Figure 1) . At the 0-20 cm depth, the concentration of total N in continuous maize system was lower than rotation system, but no difference was found between continuous soybean and rotation system. The relative proportions of these functional C groups calculated based on the noise level ( Table 1 ), indicated that O-alkyl C was greatest, followed by aromatic C and nonpolar alkyl C, while the keltones/aldehyde C was the lowest. Compared to rotation, long-term continuous maize cropping increased the proportion of 0-93 ppm shifts, and decreased that of 93-220 ppm shifts at 0-20 cm depth. Long-term continuous soybean increased the proportion of O-alkyl C below 20 cm depth.
Aromaticity and A/O-A. The greatest aromaticity was at 60-80 cm depth and the lowest was at 20-40 cm depth ( Figure 4 ). Compared to rotation, long-term continuous soybean decreased the aromaticity of SOC at 0-40 cm and 80-100 cm depth, but increased that at 40-80 cm depth. Longterm continuous maize decreased aromaticity at 0-60 cm depth and increased it at 80-100 cm depth.
The greatest A/O-A ratio occurred at 0-20 cm depth across the cultivation systems (Figure 4 ). In contrast, there was a big difference in A/O-A ratio between long-term continuous maize and soybean, except 20-40 cm depth. Figure 1 . Concentration of soil organic carbon (SOC) and total nitrogen (TN) along the soil profile in soybean-maize rotation (SM), continuous maize (CM) and continuous soybean (CS) cropping system. P c and P d -P-value of crops and depth, respectively, with two-way ANOVA at P < 0.05 Figure 2 . Plant-carbon (C) input along soil profile in soybean-maize rotation (SM), continuous maize (CM) and continuous soybean (CS) cropping system. P c and P d -P-value of crops and depth, respectively, with two-way ANOVA at P < 0.05 (Table 1) , which intensified the aliphatic nature of SOC in Chinese black soil. Previous studies reported that O-alkyl C is mainly derived from plant-C and bacterial biomass (Preston and Trofymow 2000, Xu et al. 2017b) , and is easily metabolized by soil microorganisms. In the present study, the proportion of O-alkyl C at the surface layer was not positive to plant-C, which indicates that plant-C was not the major resource for O-alkyl C accumulation in the present study. However, long-term cropping increased the light fraction and particle organic matter in our previous studies (Miao et al. 2017) , which favours O-alkyl accumulation (Gregorich et al. 2006) . In addition, the increase in O-alkyl C might derive from dead microbial populations burst (Cotrufo et al. 2015) , due to large amounts of plant residues return after long-term cropping. The O-alkyl C in monoculture system had a wider range of relative proportion than rotation system across soil profiles (Table 1) , indicating a great effect of continuous monoculture on O-alkyl C accumulation. The second component is aromatic C, which means that the black soil in Northeast China contains a great amount of black carbon (Nelson and Baldock 2005) . Aromatic compounds from plants could not stabilize over a long period in mineral soil (Schöning et al. 2005) . Moreover, the decline in aromatic C of monoculture indicated a decreasing trend in a degree of humification (Zech et al. 1997 ). This was further confirmed especially in 0-20 cm depth by a relatively lower aromaticity and higher A/O-A ratio (Figure 4) , which might ascribe to decomposable and unstable SOC from plant residues. From 20 cm to 80 cm depth profile, the decrease in SOC and increase in aromaticity and A/O-A ratio along the profile indicated much more stabilized and intensified humification in deeper soil. However, there was little difference between continuous maize and soybean system. These results support our hypothesis that long-term monoculture may affect the chemical structures of SOC but does not vary with crop species.
Weak relation between plant-C and chemical composition. Three of ten components showed a significant relationship with plant-C, namely alkyl C, OCH 3 /NCH and alkyl O-C-O (Table 2) . Among them, only NCH/OCH 3 was significantly related to plant-C across the three cropping systems. This is because NCH/OCH 3 is an index of enrichment of fresh ligin, amino acids and proteinaceous materials (Mao et al. 2012) . The increased proportion of OCH 3 / NCH in monoculture system could be explained by two reasons: first, a decrease in diversity of plant residues would favour the OCH 3 /NCH accumulation. Second, carbon sequestration in deeper profiles affects clay content and decreases carbon mineralization (Jobbágy and Jackson 2000) . A similar trend in the continuous soybean cropping as maize system was compromised by rich-N soybean residues.
A much closer relationship between plant-C and chemical composition of SOC in monoculture maize than soybean system highlighted that plant residue species has a potential impact on the storage and stability of SOC. Similar results have been found in tropical forest and subtropical grassland ecosystems (Solomon et al. 2007) . In this present study, a significant relationship between plant-C and A/O-A ratio further supported our hypothesis (Table 2 ). In addition, soil organic carbon in the continuous cropping soybean soil is easier to degrade and oxidize than the continuous cropping maize soil. This result might be ascribed to more soybean litters and root residues returned to the surface layer (Miao et al. 2017) . All these findings suggested that NCH/OCH 3 and A/O-A ratio could be considered as rapidly respond to changes in cultivation in Northeast China black soil.
